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Rocket engine testing at NASA- 
Stennis is distributed over a 13,500 
acre (5,500 ha.) site +120,000 acre 
(48,500 ha.) noise abatement 
easement 
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■ IrnpravgTfcrality i 


— ■ By- maki^g-betjer-afi d-mor-e-r-eliab le-meas ur-em e^s ^ 

■ ~Mtrri mtze~cpsts~ ~~M 

■ Of reconfiguration between test articles 

■ Of repair and calibration 

■ Avoid downtime 

■ By predicting impending failures 

■ By timely intervention 

■ Increase safety (protect people and assets) 






-*! HSHM-Areh i tectur-e— = = — : 

■ Health .assessment database:: 
"t^f^ffi QVjdeteeti on^etbeds — 

■ Predictive modeling 
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Health Electronic Data Sheets 
Repository of anomalies 
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Populated by component objects with associated xEDS... 





-Hjsteacafd ata-r-eeofds- — — 

■ Nominal 

Anomafous ZHZ ' 

Algorithm repository 

Lg Complex Tor ImDlementatiotl aTuppeTlSl|M architecture 
levels 

■ Simplified for embedding in Intelligent Sensor 

bfec trof afc Datei S heets (ED S) 

■ Transducer Electronic Data Sheets (TEDS) 

■ Health Electronic Data Sheet (HEDS) 

■ Component EDS (CEDS) 

■ Others 
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Restricted Flow 
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Exam p h’ ^eaW RGA 1 


A decreasing pressure measurement associated with a 
pressurizable subsystem is used to reason about the possible 
cause/effects. 


Relation tree for DIAGNQSIS-MANAGER-Q0Q1 
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Incorrect Operation 
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rv-1 1 8£-go 


PE-1 1 43-GO-Pressure-Subsystem 


Pressure Leak 


PE-1 134-GO-Pressure-Subsystem 


Incorrec t Operation 
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mv-1 1 35-go 
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f Hdsefr i nterfaee 

■ Minimize information 
overload 

■ Provide navigation 
through 3d structure 

■ Spatial relationships 
between components 

■ Maintenance guide 








An Intelligent Sensor consists of a Smart 


Sensor augmented by support for 
application-specific algorithms and 
associated electronic data sheets (xEDS). 


That means, we first have to deal with 
Smart Sensors... 


■ -A-Sfnart-S e n sor -a€l h er es^te-en e-eR-h e-j££ & V — — 
1451 .x Standards; far distributed~systems; 
important jMwofl<^ai®i^pp I ic^1 oi^r\ : 

processor (NCAP) 

■ IEEE 1451.0 Defines a set of common commands, 
operations and Transducer Electronic Data Sheets 
(TEDS) for the family of IEEE 1451 standards 

■ IEEE 1451.1 Defines a common object model 
describing the behavior of a Network Capable 
Applications Processor (NCAP) 


na£.\ Sehsdr 

Standards 


■ IEEE 1451 .2 Defines a transducer to NCAP transducer 
independent interface (Til) and TEDS for a point-to-point 
configuration of transducer interface modules (TIMs) 

■ IEEE 1451 .3 Defines a transducer to NCAP interface and 

TEDS for multi-drop transducers 

■ IEEE 1451 .4 Defines a mixed-mode interface for analog 
transducers with analog and digital operating modes; 
simplest 1451 model 

■ IEEE 1451 .5 Defines a Til interface and TEDS for wireless 
transducers 

■ IEEE P1451 .6 Defines a Til interface and TEDS using the 
controller area network (CAN) 

■ IEEE P1451.7 Defines an RFID interface 
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Transducer Independent 
Interface (Til) 







^-Marmfacttirer- — 

■- SeflaJ-nufnteer 

■ Calibration status 

■ Coefficients 

■ Physical location 

■ Offers practical means for reducing costs/errors 
associated with measurement system 
configuration 














IEEE1451 Block 


+GetGrouplDs() 

+SetGrouplDs() 

+GetBlockMajorState() 

+GetBlockManufacturerlD() 

+GetBlockModelNumber() 

+GetBlockVersion() 

+GoActive() 

+Golnactive() 

+lnitialize() 

+Reset() 

+GetNetworkVisibleServerObjectProperties() 
-RegisterNotifyOnUpdate() 
-DeregisterNotifyOnUpdate() 











_exampJ e^forJ SttMn : 


MvJoi se^eteGtiotj^-br-oadband- ban dli mitad ,- 

sp i ke) 


■ Instrumentation anomalies 

■ Flat line 
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■-Pub I i sh-normal-d ata- + beat tb 



"-Wealth- eJectranjc^ata^beatiHEDS)— 

■Set HEDS 


■ GetHED S 






■ Smart sensor 

■ NCA FTGo Activ e, Annou ricef" 

■ Publish data 

■ Set/Get TEDS 

— InteHi gent-sensor— 

--- Set/Get HEDS 

■ Publish health 

■ ^D etect classes of_anojnaJies using: 

■ Using statistical measures 

■ Mean 

■ Standard deviation 

■ RMS 

■ Polynomial fits 

■ Derivatives (1 st , 2 nd ) 

■ Filtering — e.g., Butterworth HP 

■ FFT — e.g., 64-point 

■ Algorithms for 

■ Flat 

■ Impulsive (“spike”) noise 

■ White noise 

■ Other (ANN, etc.) 



Intelligent (Sub)Systems 

Intelligent Processes 



Intelligent Actuators 


Intelligent Sensors 





"IEEE 1451 & O/S 


Hardware 
•3-Ch Thermocouple 
•24-bit ADC 
•8 -bit jiP 

•1 MB RAM/Flash 
•SPI 

•Ethernet (802.3af) 


Rowan 

University 



•N C APBlockGoActive 
•N C APB lockGoInActive 
•RequestN C APBlockAnnouncement 
•NCAPBlock Announcement 
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►ChannelSampleRate 


ISHM 

•Mean, Std dev, 
Min/Max, RMS 

•dv/dx, d 2 v/dx 2 
•Poly fit 
•Bu HPF (13 th ) 
•64-pt FFT 

•Anomalies: Flat, 
Spike, Noise 


•Get HEDS -Set HEDS -Get TEDS -Set TEDS 



Othe^Sma 


Smart Sensor Systems 
www.smartsensorsvstems 


com 


Mobitrum 


www.mel.nist.com 


www.mobitrum.com 


www.eesensors.com 
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|SHM Enabling Technologies: 


— ~avai latr er toreatiz e IS benefits irra system popntated 

— witb-eenventionaf sen sor-sr erea te-a Virtual 1 3— 

■-Tjae V-irtual-Intell igent-Senser-is software 

— "mimics IS behavior ai idnarHowsxise oflcaTffventional 
seisors arpRJata acq yisition system's 


VIRTUAL INTELLIGENT SENSOR 
Smart Sensor 
•TEDS 
•NCAP 

Intelligent Sensor 
•Other EDS 
•Health Algorithms 


ISHM 


NCAP 



INTELLIGENT SENSOR 



NCAP 








Data Structure Model for IEEE- 1451 








Field No. 

Description 

Type 

No. of Bytes 








Data structure related data sub-block 









1 

Extension: TEDS length 

U32L 

4 


2 

Extension TEDS ID Number 

U16E 

2 


3 

Extension TEDS version number 

U16E 

2 



Application related data sub-block 





Fields 4-8 repeat for each health condition. 




4 

Phase code 

U8C 

1 


5 

Condition code 

U8C 

1 


6 

Detection algorithm + arguments 

STRING 

Varies 


N 

Data integrity data sub-block 

Checksum for the extension TEDS 

U16C 
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"inning in Sensor Networks 

J-— Ne©d-to- pr-Qvid©^me syflGfirenjz^tion-a<^ss^yjIipfe- - 
_"ZZ. TdS~nod5s iirord^~tn^rn^a1igmTiBa^/^ 6rfe — 

■ (EEEI1588 iF xl jslrJbu tMFelwQrKsZZTIZ ZZ ZZZTII 



_ ■ ^Fbrspattally^lacHltzed networks~(e:g “ Test standrSp^ce vehtule, - 
La5s) 

■ ps to sub-ps accuracy 

■ Hzocal-osciilators-synobronized io-referemce oscillator^ by- 
-measufimg network-tfansport-d elaye- 
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Ares V Cargo Launch Vehicle 




Ares V: Cargo Launch Vehicle 


Ares I: Crew Launch Vehicle 


Ares I Crew Launch Vehicle 


Composite Shroud 


♦ ~130-mT payload capacity 

♦ 7.4-Mlb gross liftoff weight 

♦ 35S ft in length 


Ascent Stage 
Descent Stage 


LSAM 


Earth Departure Stage 

LOX/LH2 

One J2X+ Engine 
ALLi Tanks/Structures 


Interstage 


Core Stag 

* LOX/LH2 

* Five RS68 Engines 

* Al-Li Tanks/Structures 


♦ -25-mT payload capacity 

* 2-Mlb gross liftoff weight 
+ 309 ft in length 


Solid Rocket Motor/Booster (RSRM/B) 

* Five Segments/Poly butadiene 
Acrylo nit ride (PBAN) Propellant 

* Recoverable 


Upper Stage Engine 

■ Saturn J-2 Derived Engine (J-2X) 

■ Expendable 


Segment RSRBs 


First Stage 

* Derived from Current Shuttle Reusable 


Upper Stage 

280-klb Liquid Oxygen/Liquid Flydrogen 
(LOX/LhL, Stage 
5.5-m Diameter 

Aluminum-Lithium (Al-Li) Structures 
Instrument Unit and Interstage 
RCS / Roll Control for First Stage flight 
CLV Avionics System 


■ New Forward Adapter 


Upper Stage Engine 

■ Saturn J-2 Derived Engine (J-2X) 

■ Expendable 




■ Spac eaquali fied: i ntellige nt sensors: 



■ ^Fraete-spaee&r M ii|mized-wi|jifig7|distr-ibtited 
-xomputk|g T distributed, intelligence 


■ Integrated with guidance, navigation- &-control 


(G N& C)~^1i11Piare Lunar Habitat 
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